Abstract An improvement in overall survival of patients with gastrointestinal tumors has been observed in recent years, with main factors for this being an in-depth understanding of molecular biology, determination of prognostic factors, and of course, the development of new drugs, all of which has allowed gradual but significant advances in the treatment of gastric cancer. First-line treatment has shown benefits; however, many of these patients show disease progression, which raises the challenge of optimizing the ensuing treatment lines and developing better treatment strategies. The role of second-line treatment has recently been introduced and discussed, although there is evidence regarding the benefit of some drugs such as docetaxel, paclitaxel and irinotecan in second-line treatment, with this benefit having shown a reduction of approximately 18% in the risk of death, there is still a need to discuss and analyze efficacy in overall survival, progression-free survival and toxicity profile, with a special emphasis on the appropriate choice of drugs according to efficacy, toxicity, prognostic factors, and patient characteristics. The objective of this cross-sectional study is
INTRODUCTION
Gastric cancer (GC) is the third cause of cancer-related death worldwide. Around 1 million new cases are diagnosed every year 1 . GLOBOCAN 2012 statistics record GC diagnosis in 930,000 individuals annually. Incidence shows the strong influence of ethnic and geographic factors: It is higher in Asia, East Europe, and South America, while incidence rates reported in Africa and North America are lower 2, 3 . GC in México is a public health problem and the third cause of cancer-related deaths from the third decade of life on, with a trend that does not decline over time 4, 5 . A GC mortality rate of 6.4 cases per 100,000 population has been reported in men, as compared with 4.7 cases per 100,000 in women 6 . In spite of advances regarding the knowledge of molecular biology and surgical techniques, improvements in diagnosis and development of new chemotherapy protocols, clinical outcome for patients with GC is generally limited, with a 5-year survival rate of 5-20% and an average expectancy of 10-12 months as median overall survival in subjects with metastatic disease; this is largely due to the fact that a high percentage of patients, from 65% to 90%, is diagnosed at non-resectable and metastatic stages, where the only therapeutic option is chemotherapy 7, 8 . Palliative chemotherapy for advanced disease was a topic of discussion for a long time. A meta-analysis by Wagner concluded that, in terms of efficacy, a significant improvement in overall survival is observed with regimens including fluoropyrimidines, cisplatin, and anthracyclines (hazard ratio [HR], 0.82; 95% confidence interval [CI] , 0.73-0.92) 9 . This same meta-analysis showed that doublets are more efficacious than monotherapy alone, and considered doublets based on fluoropyrimidines plus a platinum-based salt as standard therapy.
With regard to the role of triplets in the treatment of advanced or metastatic GC, it should be noted that multiple studies have been conducted with the purpose to examine whether the addition of a third drug may have a positive effect on mean survival, either with anthracyclines or taxanes. An improvement in response rates and disease-free survival has been shown, albeit with higher toxicity, which requires dose adjustments to improve the toxicity profile, and these combinations have, therefore, been proposed as a therapeutic possibility in very selected patients with adequate performance status 10, 11 . However, the toxicity profile, as well as the performance status grade and comorbilities of the patient should always be considered when choosing a therapeutic regimen 11 . In spite of the advances in first-line treatment, many patients experience progression, and nearly 40% of these patients have to undergo a second line of rescue treatment 12 . The first attempts to offer an alternative for these patients were based on Phase II and III studies, where single agent chemotherapy was compared with the best supportive care. It is important taking into account the small patient populations included in these studies, the design and the heterogeneity of the population [13] [14] [15] . An attempt to incorporate the knowledge on molecular pathways to treatment measures has been made in recent years. As a consequence, several signaling pathways have been identified that can be incorporated to optimal care of patients. It should be noted that GC carcinogenesis is complex and has not been fully characterized. Many signaling pathways have been implicated, including the signaling pathways targeting the epidermal growth factor receptor (EGFR), signaling pathways targeting anti-EGFR, tyrosine kinase inhibitors, signaling pathways targeting anti-HER2, signaling pathways targeting cMET pathway overexpression, signaling pathways targeting mammalian target of rapamycin, signaling pathways for checkpoint inhibitors, and vascular endothelial growth factor (VEGF) signaling pathways, which have been examined to incorporate these molecular targets to the treatment of GC 16, 17 . Comprehensive knowledge of signaling pathways enabled the development of several clinical trials with molecular targets, many of which have failed with regard to their reto analyze medical experience in real-life clinical practice in the setting of second-line treatment for metastatic gastric cancer in patients treated with ramucirumab, as well as to analyze prognostic factors and their impact on everyday clinical practice. In recent years, an improvement in overall survival has been observed in patients with gastrointestinal tumors; some factors that explain this include deep knowledge of molecular biology, determination of prognostic factors and, of course, and the development of new drugs. All of this has allowed gradual but significant advances in the treatment of gastric cancer. One of the greatest challenges posed by this disease is that, in spite of all therapeutic advances that have been achieved, gastric cancer remains the third cause of cancer mortality worldwide 1 . Since more than 70% of cases are identified at advanced stages, in spite of first-line treatment having shown benefits, many of these patients experience disease progression; this poses the challenge of optimizing subsequent therapeutic lines and developing improved therapies 2, 3 . The role of second-line therapy has recently been introduced and reviewed. Despite the fact that some evidence points to the benefits of some drugs, such as docetaxel, paclitaxel, and irinotecan in second-line treatment, a benefit that has shown a decrease of almost 18% in the risk of death, efficacy has yet to be examined in terms of overall survival, progression-free survival and toxicity profile, with special emphasis on adequate drug selection based on efficacy, toxicity, prognostic factors, and patient characteristics 2, 3 . At present, this need has led to the development of new therapeutic measures to achieve better results and incorporate new molecular targets 4 . The purpose of this cross-sectional study is to examine medical experience in real-life clinical practice, in the setting of second-line treatment of metastatic gastric cancer in patients treated with ramucirumab, and to describe prognostic factors and their impact on real-life clinical practice. (creativecommons.org/licenses/by-nc-nd/4.0/). sults, including the following drugs cetuximab, panitumumab, lapatinib, gefitinib, erlotinib, and everolimus, which unfortunately were unable to show an improvement in terms of overall survival.
The knowledge of GC molecular profile has enabled the examination of more promising signaling pathways, which opens new opportunities for the treatment of GC. However, as previously mentioned, therapeutic progress has been limited, with the exception of two targeted therapies. One of these is trastuzumab as first-line treatment of GC, supported by the ToGA trial, which enrolled patients with GC or non-resectable or metastatic gastro-esophageal junction cancer with HER2 overexpression (22%), and the results of which regarding survival found benefit favoring this drug. An overall survival of 13.8 months was reported with trastuzumab in comparison with 11.1 months for chemotherapy alone, and progression-free survival (PFS) of 6.7 in comparison with 5.5 months 18 . The other therapeutic approach that has shown an effect on survival in patients with GC is the inhibition of angiogenesis signaling pathways, where multiple preclinical trials have shown an improvement in tumor growth control and metastases progression in GC through the inhibition of the VEGF pathway 19 . Several clinical trials were carried out with drugs aiming to inhibit angiogenesis, with the purpose to explore this signaling pathway. However, compounds such as bevacizumab, aflibercept, axitinib, orantinib, pazopanib, regorafenib, telatinib, and vandetanib have not shown positive results. So far, the only angiogenesis-inhibiting drug with proven efficacy and positive effects on survival has been ramucirumab. This drug is a fully humanized monoclonal antibody that targets the VEGF receptor 20 . Two large clinical trials have evaluated the efficacy of ramucirumab in terms of overall survival in patients progressing to a first-line of treatment: REGARD and RAINBOW. These trials show the most robust data, with more adequate available evidence for second lines, since they included large numbers of patients and are appropriately designed. They are adequately conducted, double-blind, placebo-controlled trials that achieved the primary endpoint of overall survival improvement and also showed a consistent improvement in PFS, while maintaining the quality of life 21, 22 . The REGARD trial assessed ramucirumab as second-line treatment in patients with advanced GC or cancer of the gastro-esophageal junction; mean survival was 5.2 months for the antibody treatment and 3.8 months in the control group (P = 0.0047). Greater PFS was also reported for ramucirumab (2.1 months, compared with 1.3 months with placebo). These results revealed that ramucirumab is the first biologic treatment with a proven benefit on survival after progression with a first-line of therapy 21 . A second trial (RAINBOW) investigated the same antibody in combination with weekly paclitaxel, compared to a taxane and best supportive medical care as second-line therapy in patients with gastric and gastro-esophageal cancers that had progressed on a first-line of treatment with chemotherapy. Survival was significantly longer in the ramucirumab plus paclitaxel group in comparison with the control group (9.6 vs. 7.4 months).
Ramucirumab plus paclitaxel delayed disease progression (PFS of 4.4 vs. 2.9 months) and showed a higher response rate (28 vs. 16%) 22 . Based on these results, regulatory authorities approved the drug as monotherapy or in combination with paclitaxel in patients with advanced or metastatic gastro-esophageal junction or GC after progression, over fluoropyrimidine or platinum-based schemes. Ramucirumab is the first compound approved for the treatment of advanced or metastatic GC after first-line therapeutic failure. If the abovementioned information is considered, it is important to have local experience available regarding population characteristics, as well as treatment results, and prognostic factor identification, which allows for the therapeutic approach and its results in GC to be improved.
Therefore, as part of SMeO initiatives, an epidemiological, observational, cross-sectional study was conducted by means of a self-administered questionnaire, designed for the purpose of this study, and administered as a survey during the period of January 12 to 27, 2017. Primary interest events included population epidemiological characteristics, number of received treatment cycles, total treatment duration (months), and PFS (months). Frequency of Grade 3 and 4 toxicity and overall treatment response (partial response, stable disease, or complete response) were also evaluated.
RESULTS
A total of 66 patients were included, out of which a total of 58 were analyzed, since eight patients were excluded because they had initiated therapy not even completing two cycles of the scheme.
When demographic data were analyzed, mean age for the 58 patients was found to be 56 years; in this respect, age showed the following distribution: 32.8% were 28-48 years old and 34.4% were 49-63 years old.
Regarding distribution by age, median age at disease onset was found to be lower than that reported in the medical literature, with a mean of 64 years. Conversely, 32.8% of patients were 48 years old (Fig. 1) . Gender distribution was as follows: females, 37.9%; males, 62.1%.
With regard to the ECOG score reported at the beginning of second-line therapy, the following distribution was identified: ECOG 0, 14%; ECOG 1, 65%; ECOG 2, 21%; ECOG 3 patients were not included.
Undoubtedly, one of the most relevant prognostic factors is the ECOG performance status (PS) scores, a parameter that is widely used as a predictor related to treatment. An ECOG of 0 to 1 has been previously shown to be considered the best predictor when compared with patients with an ECOG of 2-3 (poor performance status). One of the trials showing the effect of the ECOG score on mean survival is that of Lee and colleagues, which examined 1,455 patients with GC on first-line therapy; this study concluded that in patients with an ECOG > 2 the survival rate was 17.1%, in comparison with 39.2% in patients with an ECOG of 0 to 1 23 . In this study, the authors found that performance status (ECOG) was correlated with PFS and that patients with an ECOG of 0 exhibited a PFS period of 5 months, in contrast with those with an ECOG of 2, where PFS was 3 months. This revealed, once again and without a doubt that ECOG remains a highly relevant prognostic factor.
In the report by Catalano et al., which specifically examined the influence of pathological clinical factors on survival in patients on second-line chemotherapy for GC, a 1-year survival of 25% was reported in patients with an ECOG of 0 to 1, in comparison with 8% in subjects with an ECOG of 2, who had two-to three-fold more probabilities of dying within one year (HR, 1.79 [1.16-2.77]; P = 0.008) 24 . As for histological types, the intestinal type prevailed in 31 patients (54%), followed by diffuse and mixed types in 18 and 9 patients (30% and 16%), respectively. The proportions of patients with poorly and moderately differentiated tumors were similar: 48% of cases were Grade 1 and 2 adenocarcinomas; only 3 patients (4%) had highly differentiated tumors. No link was identified between histological type and degree of differentiation and PFS.
Previous trials have identified metastatic sites as prognostic factors. For example, the study by Wang and colleagues showed that the presence of liver and bone metastases was an independent prognostic factor, even in patients with adequate performance status. Both these metastatic sites are poor prognostic factors. The authors of this retrospective series of 310 patients assigned to first-line treatment with chemotherapy found that patients with metastases in more than two organs experienced a worse effect on survival in comparison with those with metastasis to a single organ (HR, 1.47; 95% CI, 1.11-1.96; P = 0.007) 25 . In the study by the above-mentioned authors, metastatic disease (Stage IV) was observed in all patients receiving first-line treatment with chemotherapy, and 30 of them (49%) had multiple metastatic sites: 0 to 1 site was found in 27.6% of cases; 1 to 2 sites in 17.2%; and 2 to 3 metastatic sites in 55.2%.
The most common metastatic site was the liver (46%), followed by the peritoneum, retroperitoneal lymph nodes and the lung. A trend toward a longer PFS period was identified in patients with 0 to 1 metastasis, although this finding was not conclusive owing to the sample size.
The same study reported the presence of carcinomatosis in 60.3%, although no relationship as a prognostic factor was found. With regard to ascites, it was observed in 36.2% of patients.
Weight loss prior or during chemotherapy has been noted in several cancers, including GC, and it is generally associated with an attenuated tolerance to treatment, which affects the strength of the chemotherapeutic dosage. In the study by Ock et al. that examined 719 patients, mean survival in subjects receiving palliative chemotherapy as first-line treatment with a weight loss of 3% during the 1 st month of therapy was significantly shorter in comparison with patients with no weight loss (9.7 vs. 16.3 months; P = 0.001) 26 . Notwithstanding, weight loss is not mentioned as a factor in prognostic scales. In the above-mentioned study, the authors observed that a weight loss > 10% in 50% of the sample showed a correlation between PFS and absence of weight loss, with an improvement in PFS to 6.9 months in comparison with the subgroup with > 10% weight loss, which reported 3.8 months. However, these results are not statistically significant owing to the patient population size.
Number of treatment cycles
With regard to treatment duration, overall median treatment cycles with ramucirumab per patient were 4.0 (95% CI, 3.1-5.0).
TREATMENT RESPONSE AND QUALITY OF LIFE PFS
PFS (Fig. 1) in the entire study sample was 4.0 months (95% CI, 2.5-5.5). In the stratified analysis by age, the largest median was observed among participants aged from 70 to 89 years (6.0 months; 95% CI, 1.0-12.0). However, differences between age groups were not statistically significant.
Regarding of toxicities none Grade 3 or 4 was reported, the most common toxicity reported was hypertension.
DISCUSSION
GC is a highly common neoplasm in underdeveloped countries, with practically comparable incidence and lethality. In Mexico, it constitutes an important cause of death and occupies the first place in gastrointestinal tumors. This lethal prognosis is due to late diagnosis and advanced sta- ges at diagnosis in more than 80% of cases; consequently, therapeutic options are merely palliative in patients suitable for systemic oncologic management. At progression after receiving a first-line of chemotherapy, a portion of these patients (nearly one third) is eligible for second-line treatment. However, this is a difficult challenge in clinical practice because patients are generally fragile, almost all of them compromised in terms of nutritional status. In addition, evidence of a benefit with second-line treatment schemes is relatively recent and, furthermore, this is a heterogeneous disease and knowledge on its biological and molecular behavior has emerged only recently in investigations to identify different GC groups. These treatment approaches have the purpose to improve prognosis and, in the mid-term, to have targeted therapeutic schemes available. These differences may explain treatment response variable effects.
In spite of advances in the knowledge about the biology of GC and the availability of new therapeutic regimens that have led to increases in the parameters of PFS and mean survival in the setting of first-line therapy, the prognosis for patients with GC is still very poor. Second-line treatment is systematically being introduced in many patients, and there are several variants in current clinical practice. This study attempted to evaluate patients exposed to a second-line of treatment with ramucirumab and chemotherapy.
The benefits exhibited by the RFGEV-2 inhibitor, ramucirumab, and the VEGFR-2 tyrosine kinase inhibitor, apatinib, represent an advance in the development of antiangiogenic drugs for metastatic GC 27, 28 . Future trials should investigate ramucirumab given as first-line therapy in combination with other chemotherapeutic agents, or with a specific molecular determination. Therefore, its use as maintenance therapy and the sequence with other active therapies are pending resolution. The choice of chemotherapy, in particular, seems important and demands further investigation to assess combinations with drugs other than taxanes 29 . Thus, performing this type of studies is desirable. Dose strength constitutes an additional problem that should be examined, as should the relationship with exposure, pharmacokinetic concentrations and effectiveness of ramucirumab 30 . On the other hand, it should be pointed out that, in this analysis, most patients had normal weight, which may have related to adequate effectiveness and better tolerance as well as therapeutic compliance.
If increasing costs in oncologic care are considered, a cost-effectiveness analysis is mandatory. In addition, apart from having biomarkers to target these molecular therapies, better clinical tools should be used to select those patients most suitable for these treatments, since we should take into account that the performance status level is a crucial parameter when choosing a therapy. A large proportion of patients herein examined had an ECOG PS of 1 to 2, as in other previously published works. As in the RAINBOW trial, the intestinal type prevailed in this population, although a limiting factor should be mentioned: The number of patients previously exposed to anti-HER therapy was not determined, and the documented proportion of carcinomatosis was lower.
By the same token, tumor burden with regard to metastatic sites has been determined to be a response parameter to second-line therapy.
CONCLUSION
The treatment of GC continues to pose a challenge due to the heterogeneity of the disease; hence, it is of utmost importance to have reports on real-world clinical experience.
Such reports will allow for a more orderly and systematized identification of population characteristics and prognostic factors in patients treated in regular clinical practice. Therefore, this information makes it possible to have access to more elements contributing to identify the group of patients who will benefit most from a determined therapeutic approach, which will undoubtedly contribute to therapeutic behaviors optimization.
This review concludes that ramucirumab constitutes an adequate second-line treatment in patients with GC to improve time to progression and quality of life.
Although there is no available biomarker for selecting those patients who are eligible for ramucirumab, there are indeed certain clinical parameters such as an ECOG PS of 0-1 and PFS > 6 months, which may constitute appropriate parameters for selecting patients who will be adequate responders and will obtain clinical benefits.
